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I, Hiroshi Yoshioka, a Japanese citizen residing at Shimo- 
Ochiai 11-1, Hadano-shi, Kanagawa-ken, Japan, declare and say: 

I took a master course majoring in applied chemistry at the 
Graduate School of Science and Engineering, Waseda University and I 
was graduated therefrom in March 1984. 

In 1984, I entered Terumo Corporation, Japan. 

In 1990, I entered W.R. Grace & Co. (Central Research Labora- 
tories in Japan) . 

In 1995, I obtained a doctorate in engineering from Waseda 
University. In that year, I entered Mebiol Inc. Since then, I have 
been engaged in fundamental studies, research and development of 
polymer materials used in the medical and agricultural fields. 

I am the Executive Vice President of Mebiol Inc. 

I am also a visiting associate professor of Advanced Research 
Institute for Science & Engineering of Waseda University and a 
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part-time lecturer at St. Marianna University School of Medicine. 
I am well familiar with the present case. 

I have read and understood the Office Action dated November 
20, 2007 and references cited therein. 

I have conducted experiments and observations to evaluate 
the plant growth using a non-porous PVA film recited in claim 
1 of the present application and various films described in 
Weder et al. (USP 5,363,592) and Sakai (JP7-45169) . The mate- 
rials, methods and results are described in a paper attached hereto 
and marked "Exhibit 1". 

From the results of Exhibit 1, it can be fairly concluded: 

(1) that the system of the present invention is advantageous 
in that, simply by supplying water in the water tank to a 
plant through such a non-porous PVA film, the rhizosphere en- 
vironment (such as humidity and oxygen concentration) can be 
easily and favorably maintained for a l ong time even without 
directly supplying water to the culture soil disposed on the 
film, thereby enabling very rapid and full growth of a plant 
with less amount of water (Experiment 1A shown in Table A of 
Exhibit 1, Experiment 1 of the 1st Okamoto Declaration (filed 
on January 20, 2 0 04) shown in Table B of Exhibit 1, and Ex- 
periment 3 of the 2nd Okamoto Declaration (filed on August 15, 
2005) shown in Table B of Exhibit 1) , 

(2) that , on the other hand, a porous hydrophobic film (such 
as a polypropylene film described in Weder et al . and a PTFE 
film described in Sakai) can not transmit therethrough a suffi- 
cient amount of moisture (Comparative Experiment 1A shown in 
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Table A of Exhibit 1, and Experiment 1 of the 1st Okamoto Dec- 
laration shown in Table B of Exhibit 1) and is likely to lose 
its impermeability to liquid water during the cultivation of a 
plant, so that a porous hydrophobic film cannot be used for 
maintaining favorable rhizosphere environment (such as mois- 
ture and oxygen content) for a long time (Experiment 1 of the 
1st Okamoto Declaration shown in Table B of Exhibit 1) , 

(3) that , even if a microporous hydrophobic film is hydrophi- 
lized, the resultant film freely passes water therethrough so 
that such a hydrophilized film cannot be used for controlling 
the rhizosphere environment of a plant (Experiment 2 of the 
1st Okamoto Declaration shown in Table B of Exhibit 1) , 

(4) that , further, the water vapor permselective films, such 
as a silicone film, a polyimide film and a cellulose acetate 
film, which are described in Sakai can not supply sufficient 
amount of water to the plant through the film (Comparative Ex- 
periments 2 A and 3A shown in Table A of Exhibit 1) so that the 
plant growth using any of such films is poor, 

(5) that , furthermore, a cellophane film described in Weder 
et al. is broken when used in a manner as in the system of the 
present invention (Experiment 2 of the 2nd Okamoto Declaration 
shown in Table B of Exhibit 1) , 

( 6 ) that , from items (1) to (5) above, it is apparent that 
the use of non-porous PVA film is essential for achieving the 
above-mentioned excellent effects of the system of the present 
invention. 
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The undersigned petitioner declares that all statements 
made herein of his own knowledge are true and that all state- 
ments made on information and belief are believed to be true; 
and further that these statements were made with the knowledge 
that willful false statements and the like so made are punish- 
able by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or 
any patent issuing thereon. 



Date: 



May 20, 2009 




EXHIBIT 1 



Exhibit 1 



Experiments and observations to evaluate the plant 
growth using the non-porous polyvinyl alcohol film 
recited in claim 1 of the present application and 
various films described in Weder et al. (USP 
5,363,592) and Sakai (JP7-45169) 

I. Object of the experiments : 

The Examiner recognizes that neither Weder et al . (USP 
5,363,592) nor Sakai (JP7-45169) describes the use of the non- 
porous polyvinyl alcohol (PVA) film recited in claim 1 of the 
present application; however, the Examiner takes a position 
that Weder et al. and Sakai describe the use of a cellulose 
film (which may be a non-porous hydrophilic film as in the 
case of a non-porous PVA film) and, hence, it is obvious for 
those skilled in the art to replace the cellulose film de- 
scribed in Weder et al. and Sakai by "a longer lasting mate- 
rial", such as a PVA film which has been known from Schur (USP 
3,097,787) and Caldwell (USP 2,773,050). 

However, it should be noted that, as can be seen from 
claim 1 of the present application (amended on March 11, 2009), 
the plant-cultivating system of the present invention is char- 
acterized in that a non-porous PVA film is provided in a water 
tank such that cultivation of a plant can be performed while 
supplying water to a plant through the non-porous PVA film . 
In the present invention, simply by supplying water in the wa- 
ter tank to a plant through such a non-porous PVA film, the 



rhizosphere environment (such as humidity and oxygen concen- 
tration) can be easily and favorably maintained for a long 
time even without directly supplying water to the culture soil 
disposed on the film, thereby enabling very rapid and full 
growth of a plant with less amount of water (see page 1, lines 
13 to 19 of the present specification and the Working Examples 
of the present application) . 

On the other hand, Weder et al. describe the use of "a 
polypropylene film" and "a cellophane" (col. 2, lines 50 to 
52) as a "liner" used in a container for a propagule and a 
growing medium, and Sakai describes the use of "a silicone 
film, a cellulose acetate film (cellulose- type film) and a 
polyimide film" (col. 5, lines 9 to 16) as a water vapor perm- 
selective film which may be combined with a waterproof mois- 
ture-permeable film, such a porous polytetraf luoroethylene 
film. However, by the use of such films as described in these 
references, the rhizosphere environment cannot be favorably 
controlled for a long time. In addition, neither Weder et al . 
nor Sakai has any teaching or suggestion about the control of 
the rhizosphere environment (such as humidity and oxygen con- 
centration) by supplying water to a plant through such films 
as described in these references to the plant. 

Further, Schur and Caldwell describe a PVA film but have 
no teaching or suggestion that any advantage will be obtained 
by using a non-porous PVA film for cultivation of a plant. In 
addition, Sakai rather teaches away from the use of a non- 
porous PVA film. 
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Thus, the excellent effects achieved by the use of a non- 
porous PVA film are neither taught nor suggested by any of the 
cited references including Schur and Caldwell and, hence, are 
unexpected and surprising . 

For substantiating this, observations and experiments are 
conducted as follows. 

II. Methods and Materials : 

II-D Observations on the cited prior art references 

II-1-i) Disclosure of Weder et al . 

Weder et al . describe "a polypropylene film" and "a cel- 
lophane" as "polymer film" usable as "liner 28" shown in Figs. 
1, 2, 3, etc. of Weder et al. (col. 2, lines 50 to 52). 

However, nowhere in Weder et al. can be found any teach- 
ing or suggestion about cultivation of a plant by proving wa- 
ter through the film used as liner 28. That is, "liner 28" is 
used only as a liner, and the "growing medium 40" (such as wa- 
ter and culture soil) and "botanical item 42" are provided 
only in liner 28 as shown in Fig. 1 of Weder et al . For this 
reason, Weder et al. have no description about whether or not 
the film used as liner 28 is porous and have no description 
about the permeability of the film to water or water vapor. 

Needless to say, since polypropylene is hydrophobic, if 
the polypropylene film mentioned in Weder et al. is non-porous, 
the film exhibits substantially no permeability to water or 
water vapor, so that such a film cannot be used for cultivat- 
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ing a plant in such a manner as in the present invention. 

Therefore, in Comparative Experiment 1A below, a commer- 
cially available microporous polypropylene film having a mois- 
ture vapor permeability was used (despite that Weder et al . do 
not describe that the polypropylene film is porous) since an 
experiment using a non-porous hydrophobic film is meaningless. 

Further, it should be noted that, in Mr. Okamoto Declara- 
tion filed on January 20, 2004 (hereinafter, referred to as 
"1st Okamoto Declaration") , plant cultivation was performed 
for a longer period of time than in Comparative Experiment 1A, 
using the same microporous polypropylene film as used in Com- 
parative Experiment 1A, and a hydrophilized microporous poly- 
propylene film obtained by subjecting the microporous polypro- 
pylene to hydrophilicity- imparting treatment. On this point, 
observation will be made later in item II-3) below. 

With respect to the cellophane (cellulose) film mentioned 
in Weder et al . , in Mr. Okamoto Declaration filed on August 15 
2005 (hereinafter, referred to as "2nd Okamoto Declaration") , 
plant cultivation was performed using a non-porous hydrophilic 
cellophane film. Also on this point, observation will be made 
later in item II-3) below. 

II-1-ii) Disclosure of Sakai 

Since the Derwent English translation of Sakai on which 
the Examiner relies is not so good, a verified partial English 
translation of Sakai which contains better English transla- 
tions is submitted herewith as Attachment 1. 
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Those skilled in the art would not consider that any ad- 
vantage will be obtained by application of a non-porous PVA 
film to Sakai. and, rather, considers that the use of a non- 
porous PVA film is not suitable for the object of Sakai. The 
reason for this is as follows. 

The object of Sakai is to provide "a plant cultivating 
apparatus for use in lands and water areas unsuitable for cul- 
tivating plants, wherein said apparatus is capable of supply- 
ing water for cultivating and growing plants while effectively 
preventing adverse effects of harmful moisture present in the 
land or water area and of harmful gases generated from the 
harmful moisture" (see page 2, lines 1 to 8 of Attachment 1). 

Therefore, in Sakai, it is most important to remove harm- 
ful substances including harmful gases which are contained in 
or generated from the seawater, waste water, etc. On the 
other hand, in Sakai, the moisture of the rhizosphere is con- 
trolled rather by supplying water from above the plant at 
least after the growth of a plant has reached a certain stage. 
This is apparent from the following description of Sakai: 

"Further, vinyl sheet 8 will guide water from rain- 
falls and the like to the periphery of plant 9 and 
feed the water to culture soil 7 . 

It is apparent that the present utility model 
can be used as a preferred means for supplying water 
needed for plant growth. However, it is also appar- 
ent that water requirement of a plant will increase 
in accordance with the plant growth and increasing 
plant size. When the water requirement increases , 
the present utility model can be used as a means for 
water saving . In this case, it is consequential to 
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use the present utility model in combination with 
the above-mentioned conventional methods for supply- 
ing water or methods for water saving ." (emphasis 
added) (item 5 of Attachment 1) 

For removal of non- volatile harmful substances and harm- 
ful gases, Sakai uses a waterproof moisture-permeable film, 
such as a porous polytetraf luoroethylene (PTFE) . It is well 
known in the art that a porous PTFE film generally has a poor 
gas barrier property which, however, may vary to same extent 
depending on the pore structure (such as porosity and pore di- 
ameter) thereof. This is apparent from the fact that Sakai 
describes the use of a PTFE film having a "Gurley number of 
from 0.1 to 100 seconds" (see item 4 of Attachment 1). There- 
fore, when the gas barrier property of the PTFE film (water- 
proof moisture-permeable film) is not sufficiently high, Sakai 
uses a water vapor permselective membrane (such as a silicone 
film, a cellulose acetate film, or a polyimide film) to pre- 
vent the intrusion of harmful gas into the culture soil, as 
apparent from the following description of Sakai: 



"As explained above, when methane gas and other 
gases which are harmful to plants are present in 
drainage or the like, the water vapor permselective 
membrane is used to prevent the entry of such harm- 
ful components into the culture soil disposed inside 
framework 1." (emphasis added) (see item 3 of Attach- 
ment 1) 



Thus, when the PTFE film 2 cannot sufficiently prevent trans- 
mission of harmful gas therethrough, water vapor permselective 



film 3 (such as "a silicone film, a cellulose acetate film 
(cellulose-type film) and a polyimide film") having a high ga 
barrier property is laminated on the PTFE film. For easy un- 
derstanding of the device of Sakai, Fig. l of Sakai is repro- 
duced below, to which explanations on the films have been 
added. 



Waterproof moisture-permeable 
film, such as a polytetrafluoro- 




silicone film, a cellulose 
acetate film, a polyimide 
film, etc. 



In this connection, it should be noted that a non-porous 
PVA film has a gas barrier property,- however, it is well known 
in the art that the gas barrier property of a non-porous PVA 
film is dr astically lowered under high humidity conditions. 
For example, reference is made to Polymer Handbook, Fourth 
Edition, Volume 2, "Permeability and Diffusion Data", pp. 543- 
568, Wiley- Interscience, A John Wiley & Sons, Inc, Publication, 
1999 (submitted herewith as Attachment 2); V. L. Simril and A. 
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Hershberger, Modern Plastics, pp. 95-102, July, 1950 (submit- 
ted herewith Attachment 3); and Polymer Chemistry, Vol.19, 191, 
pp. 158-162, 1961 (submitted herewith as Attachment 4) . At- 
tachments 2 and 3 teach that, at 24 to 2 5 °C, the gas barrier 
property of a PVA film measured at a relative humidity of 
100 % is less than 1/7,000 of that measured at a relative hu- 
midity of 0 %. Attachment 3 teaches that, at 23 °C, the gas 
barrier property of a PVA film measured at a relative humidity 
of 94 % is about 1/12,000 of that measured at a relative hu- 
midity of 0 %. Further, Attachment 4 also teaches that the 
gas barrier property of a cellulose acetate film as described 
in Sakai is not influenced by the humidity and is higher than 
that of a PVA film at a high humidity. 

Thus, it is apparent that those skilled in the art would 
n °t replace the films described in Sakai with a non-porous PVA 
film which exhibits very poor gas barrier property at a high 
humidity, in view of the fact that the system of Sakai is nec- 
essarily used under high humidity conditions and the film used 
in Sakai needs to exhibit a high gas barrier property under 
high humidity conditions . 

With respect to porous PTFE film 2 used in Sakai, porous 
PTFE film 2 may maintain its selective permeability to water 
vapor for a while during the use of the system of Sakai. How- 
ever, as well known in the art, unless the quality of water is 
strictly controlled, the surface tension of the water gener- 
ally lowers due to the presence of impurities. Therefore, af- 
ter a while, the porous PTFE film 2 becomes permeable to liq- 
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uid water and loses the control over the water transmission 
therethrough. This is apparent from Experiment 2 of the 1st 
Okamoto Declaration where a microporous polypropylene film 
(i.e., a microporous hydrophobic film as in the case of the 
PTFE film used in Sakai) having a small average porous diame- 
ter became permeable to water 2 months after the start of the 
cultivation. On this point, more detailed explanation is made 
in item II-3) below. 

On the other hand, the present invention has been made 
based on a surprising finding that, simply by supplying water 
in the water tank to a plant through such a non-porous PVA 
film, the rhizosphere environment (such as humidity and oxygen 
concentration) can be easily and favorably maintained for a 
long time even without directly supplying water to the culture 
soil disposed on the film, thereby enabling very rapid and 
full growth of a plant with less amount of water . 

By the use of films as described in Sakai, such excellent 
effects can not be obtained. 

In order to substantiate this, plant cultivation was per- 
formed using commercially available, water vapor permselective 
films made of silicone and polyimide in Comparative Experi- 
ments 2A and 3A described below, respectively. 

With respect to "a cellulose acetate film" mentioned in 
Sakai as a water vapor permselective film, a commercially 
available product could not be found. Therefore, plant culti- 
vation was performed in Comparative Experiment 4A below using 
a non-commercially available cellulose acetate film (which is 
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water vapor permselective) directly obtained from Konica Mi- 
nolta Opto, Inc., Japan. On this point, it should be noted 
that cellulose acetate is an acetyl ester of cellulose and, 
therefore, is totally different from cellulose per se in prop- 
erties such as hydrophilicity. 

With respect to the films used in Comparative Experiments 
2A, 3A and 4A, each of the films is a non-porous water vapor 
permselective film, and has almost the highest water vapor- 
permeability among the known non-porous films (made of sili- 
cone, polyimide or cellulose acetate) . 

11-2) Experiment and Comparative Experiments 

Experiment 1A (Present invention) : 

Preparation of Plant -cultivating System 
A plant -cultivating system was prepared as follows. A 
resin container (inner length: 20 cm, inner width: 12 cm, 
depth: 5.5 cm) was installed on the ground and filled with 700 
ml of a tap water. A non-porous polyvinyl alcohol (PVA) film 
(thickness: 40 um, manufactured and sold by Aicello Chemical 
Co., Ltd.) having a size of 30 cm x 22 cm was used as a non- 
porous hydrophilic film. On the film was placed about 170 g 
of commercially available soil (tradename: Super-mix A, sold 
by Sakata Seed Co., Ltd., Japan), thereby obtaining the plant - 
cultivating system of the present invention. 

With respect to the non-porous PVA film, the moisture va- 
por-permeability thereof was 2,200 g/m 2 -24 hours as measured in 



accordance with JIS K 7129. 
Cultivation of Plants 

Using the prepared pi ant -cultivating system, cultivation 
of seedlings of arugula (Binomial name: Eruca sativa (also 
known as "rocket" or "rucola") ) was performed in the following 
manner. 

Total of six arugula seedlings (tradename: "Odessey", 
sold by Sakata Seed Co., Ltd., Japan) were planted in the cul- 
ture soil disposed on the non-porous PVA film. The planting 
of the seedlings was performed on the 17th day after the dis- 
semination, and each of the seedlings at the time of the 
planting had one foliage leaf. The planted seedlings were 
cultivated in a cultivation rack at a temperature of 21 °C and 
a relative humidity of 60 to 70 %, while exposing the seedling 
to an artificial illumination having an intensity of 3,700 to 
3,8 00 lux, during the period of from February 23, 2009 to 
April 2, 2009. 

Evaluation of cultivated plants 

The cultivated six arugula plants (namely the leaves and 
the stems of the plants) were harvested on day 3 9 from the 
start of the cultivation. With respect to the six plants, the 
heights were measured, and the number of leaves was counted to 
obtain an average number of leaves of the six plants. 



Comparative Experiment 1A (using a non-treated microporous 



polypropylene film) 

A plant-cultivating system was prepared in substantially 
the same manner as in Experiment 1A above except that a micro- 
porous polypropylene film (thickness : 40 nm) (PH-35 manufac- 
tured and sold by Tokuyama Corp., Japan) was used instead of 
the non-porous PVA film. 

With respect to the microporous polypropylene film, the 
moisture vapor-permeability thereof was 734 g/m 2 -24 hours as 
measured in accordance with JIS K 712 9. 

Using the prepared plant-cultivating system, cultivation 
of seedlings of arugula was performed in the same manner as in 
Experiment 1A, and the results of the cultivation were evalu- 
ated in the same manner as in Experiment 1A. 

Comparative Experiment 2A (using a silicone film) 

A plant-cultivating system was prepared in substantially 
the same manner as in Experiment 1A above except that a sili- 
cone film (thickness : 40 ^im) (tradename: "Keiju", manufac- 
tured and sold by Mitsubishi Plastics Inc., Japan) was used 
instead of the non-porous PVA film. 

With respect to the silicone film, the moisture vapor- 
permeability thereof was 100g/m 2 -24 hours as measured in ac- 
cordance with JIS K 7129. 

Using the prepared plant-cultivating system, cultivation 
of seedlings of arugula was performed in the same manner as in 
Experiment 1A, and the results of the cultivation were evalu- 
ated in the same manner as in Experiment 1A. 
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Comparative Experi ment 3A (using a polyimide film) 

A plant -cultivating system was prepared in substantially 
the same manner as in Experiment 1A above except that a poly- 
imide film (thickness : 40 m ) (tradename: "Kapton", manufac- 
tured and sold by Du Pont-Toray Co., Ltd., Japan) was used in- 
stead of the non-porous PVA film. 

With respect to the polyimide film, the moisture vapor- 
permeability thereof was 84 g/m 2 -24 hours as measured in accor- 
dance with JIS K 7129. 

Using the prepared plant-cultivating system, cultivation 
of seedlings of arugula was performed in the same manner as in 
Experiment 1A, and the results of the cultivation were evalu- 
ated in the same manner as in Experiment 1A. 

Comparative Experiment 4A (using a cellulose acetate film) 

A plant-cultivating system was prepared in substantially 
the same manner as in Experiment 1A above except that a cellu- 
lose acetate film (thickness : 40 urn) (obtained from Konica 
Minolta Opto, Inc., Japan) was used instead of the non-porous 
PVA film. 

With respect to the cellulose acetate film, the moisture 
vapor-permeability thereof was 710 g/m 2 -24 hours as measured in 
accordance with JIS K 712 9. 

Using the prepared plant-cultivating system, cultivation 
of seedlings of arugula was performed in the same manner as in 
Experiment 1A, and the results of the cultivation were evalu- 



ated in the same manner as in Experiment 1A. 

H-3) Observations based on the 1st Okamoto Declaration 
filed on January 20, 2004 and the 2nd Okamoto Declaration 
filed on August 15, 2005 

1st Okamoto Declaration 

In the 1st Okamoto Declaration, cultivation of plants was 
performed using a non-porous PVA film (Experiments 1 and 2) 
and two types of microporous polypropylene films, i.e., a mi- 
croporous polypropylene film (Experiment 1) which inherently 
is hydrophobic, and a hydrophilized microporous polypropylene 
film (Experiment 2) , which are hereinafter referred to as 
"non- treated microporous PP film" and "hydrophilized micropor- 
ous PP film", respectively. 

The results of the cultivation in Experiment 1 were as 
follows : 

"As a result of the cultivation, the above pansy 
seedlings were smoothly grown for about 2 months 
without directly supplying additional water to the 
soil. However, immediately thereafter, only the 
soil surrounded by the microporous polypropylene 
film began to be wetted , and after a while, the soil 
was immersed in water . When the microporous film 
was carefully observed, but there was no holes or 
cracks such as breakage in the film. 

On the other hand, with respect to the PVA film- 
covered container, the pansy seedlings were smoothly 
grown for 3 months or more ." (emphasis added) (page 4, 
2nd and 3rd para, of the 1st Okamoto Declaration) 
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As apparent from the above, the non- treated microporous 
PP film functioned for the first 2 months as "water vapor 
permselective film" which "selectively allows water vapor to 
permeate therethrough" as recited in Sakai; however, after 
that period, liquid water freely passed through the micropores 
of the film. This phenomenon is considered to be caused by 
lowering of the surface tension of the water due to the intru- 
sion of impurities into water. In this connection, it should 
be noted that, in Experiment 1 of the 1st Okamoto Declaration, 
"After a few weeks from the beginning of the experiment, the 
growth of, duckweed was observed in the water bath" (page 5, 
lines 5 to 7 of the 1st Okamoto Declaration) . 

Thus, the non-treated microporous PP film cannot be used 
for controlling the rhizosphere environment (such as humidity 
and oxygen concentration) of a plant for a long time. Even 
when microporous films of hydrophobic materials other than PP 
is used (e.g., when a microporous PTFE film as described in 
Sakai is used) , the same phenomenon as mentioned above occurs 
when the surface tension of water lowers. 

Further, in Experiment 2 of the 1st Okamoto Declaration, 
the cultivation of arugula (rucola) seedlings was performed 
using the above-mentioned hydrophilized microporous PP film 
obtained by subjecting the same microporous PP film as used in 
Experiment 1 to hydrophilicity-imparting treatment as well as 
a non-porous PVA film. The results of the cultivation in Ex- 
periment 2 were as follows: 
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Microporous hydrophobic film 

As shown in Fig. 3 A (5 days, microporous hydrophobic 
film) , it was clear that the microporous hydrophobic 
film had transmitted tap water so that the soil dis- 
posed on the film was completely wetted . Further, 
as shown in Fig. 4A, (16 days, microporous hydropho- 
bic film) , it was clear that the growth of the seed- 
lings was poor , as compared with Fig. 4B (16 days, 
PVA film) . 

PVA film 

As shown in Fig. 3B (5 days, PVA film), the PVA 
was not wetted. Further, as shown in Fig. 4B (16 
days, PVA film) , the growth of the seedlings was 
good." (emphasis added) (page 7, last 2 paragraphs of 
the 1st Okamoto Declaration) 

Thus, it is apparent that hydrophilized microporous PP 
film is permeable to liquid water and, hence, can not be used 
for controlling the rhizosphere environment (such as humidity 
and oxygen concentration) of a plant. 



2nd Okamoto Declaration 

In Experiment 1 of the 2nd Okamoto Declaration, the cul- 
tivation of arugula (rucola) seedlings was performed using a 
cellophane (i.e., cellulose) film. The cellulose film is a 
non-porous hydrophilic film as in the case of the non-porous 
PVA film used in Experiment 1A above. However, since cellu- 
lose is biodegradable, the cellophane film used in Experiment 
1 of the 2nd Okamoto Declaration was broken about 10 days af- 
ter the start of the cultivation. Specifically, the results 
of cultivation were as follows: 
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"However, in this case, some breakage of the cello- 
phane film was observed thereafter, and water immer- 
sion was caused in the inside of the film, to 
thereby cause the root rot of rucola seedlings, as 
shown in the photograph of the rucola seedlings af- 
ter 31 days. Thereafter, the seedlings showed the 
apoptosis thereof at 3 9 days after the beginning of 
the cultivation." (emphasis added) (page 5, lines 5 
to 11 of the 2nd Okamoto Declaration) 

III. Results 

Results of the evaluation of cultivated plants (arugula) 
in Experiment 1A and Comparative Experiments 1A to 3A are sum- 
marized in the following Table A. 



Table A 





Type of film 


Growth of plants 


Height 


Number of 
leaves 


Experiment 
1A (Present 
invention) 


Non- porous PVA 
film 


7 to 10 cm 


6 


Comparative 

Experiment 

1A 


micro-porous 

polypropylene 

film 


3 to 7 cm 


3 


Comparative 

Experiment 

2A 


Silicone film 


Withered 


Comparative 

Experiment 

3A 


Polyimide film 


Withered 


Comparative 

Experiment 

4A 


Cellulose ace- 
tate 


3 to 7 cm 


3 



Further, the results of Experiment 1 (cultivation of 
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pansy) and Experiment 2 (cultivation of arugula) of the 1st 
Okamoto Declaration and the results of Experiments 2 and 3 
(cultivation of arugula) of the 2nd Okamoto Declaration are 
summarized in the following Table B. 

Table B 





Type of film 


Results 


Experiment 
1 of 1st 
Okamoto 
Declaration 


Non-treated mi- 
croporous PP film 


About 2 months after the 
start of the cultivation, 
the soil on the film was 
immersed in water. 


Non-porous PVA 
film 


Plant growth was good for 
over 3 months . 


Experiment 
2 of 1st 
Okamoto 
Declaration 


Hydrophilized mi- 
croporous PP film 


The soil on the film was 
completely wetted, and the 
plant growth was poor. 


Non- porous PVA 
film 


PVA film was not wetted and 
the plant growth was good. 


Experiment 
2 of 2nd 
Okamoto 
Declaration 


Non -porous hydro - 
philic cellophane 
film 


Cellulose film broke and the 
plant was withered. 


Experiment 
3 of 2nd 
Okamoto 
Declaration 


Non-porous PVA 
film 


Plant growth was good. 



IV. Conclusion: 

From the above, it can be fairly concluded as follows. 

The system of the present invention is advantageous in 
that, simply by supplying water in the water tank to a plant 
through such a non-porous PVA film, the rhizosphere environ- 



ment (such as humidity and oxygen concentration) can be easily 
and favorably maintained for a long time even without directly 
supplying water to the culture soil disposed on the film, 
thereby enabling very rapid and full growth of a plant with 
less amount of water (Experiment 1A shown in Table A, Experi- 
ment 1 of the 1st Okamoto Declaration shown in Table B, and 
Experiment 3 of the 2nd Okamoto Declaration shown in Table B) . 

On the other hand, a porous hydrophobic film (such as a 
polypropylene film described in Weder et al . and a PTFE film 
described in Sakai) can not transmit therethrough a sufficient 
amount of moisture (Comparative Experiment 1A shown in Table A, 
and Experiment 1 of the 1st Okamoto Declaration shown in Table 
B) and is likely to lose its impermeability to liquid water 
during the cultivation of a plant, so that a porous hydropho- 
bic film can not be used for maintaining favorable rhizosphere 
environment (such as moisture and oxygen content) for a long 
time (Experiment 1 of the 1st Okamoto Declaration shown in Ta- 
ble B) . 

Even if a microporous hydrophobic film is hydrophilized, 
the resultant film freely passes water therethrough so that 
such a hydrophilized film can not be used for controlling the 
rhizosphere environment of a plant (Experiment 2 of the 1st 
Okamoto Declaration shown in Table B) . 

Further, the water vapor permselective films, such as a 
silicone film, a polyimide film and a cellulose acetate film, 
which are described in Sakai can not supply sufficient amount 
of water to the plant through the film (Comparative Experi- 
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ments 2 A and 3A shown in Table A) so that the plant growth us- 
ing any of such films is poor . 

Furthermore, a cellophane film described in Weder et al . 
is broken when used in a manner as in the system of the pre- 
sent invention (Experiment 2 of the 2nd Okamoto Declaration 
shown in Table B) . 

From the above, it is apparent that the use of non-porous 
PVA film is essential for achieving the above-mentioned excel- 
lent effects of the system of the present invention. 
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ATTACHMENT 1 



Attachment 1 



DECLARATION OF TRANSLATOR 



I, Maho Kaseki, c/o the Inoue & Associates of 3rd Floor, 
Akasaka Habitation Building, 3-5, Akasaka 1-chome, Minato-ku, 
Tokyo, Japan do solemnly and sincerely declare that I am con- 
versant with the Japanese and English languages and that I 
have executed with the best of my ability this partial trans- 
lation into English of Examined Japanese Utility Model Appli- 
cation Publication No. Hei 7-45169 (namely "Sakai" cited by 
the Examiner) and believe that the translation is true and 
correct . 

The undersigned petitioner declares that all statements 
made herein of his own knowledge are true and that all state- 
ments made on information and belief are believed to be true; 
and further that these statements were made with the knowl- 
edge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 




Partial E nglish translation of Sakai (Examined Japanese 
Utility Model Application Publication No. Hei 7-45169) 



!- Page 1, column 1, line 1 to column 2, line 4 : 
[Registered Claims for Utility Model] 

[Claim 1] An apparatus for cultivating plants in water areas 
(such as seawater) unsuitable for cultivating plants, which 
comprises: a framework capable of floating on the surface of 
water containing non-volatile substances (such as salts) 
which are harmful to plants, wherein said framework is made 
of a floatation material or has a floatation material at- 
tached thereto; and a waterproof moisture -permeable film 
stretched on said framework to form the bottom of said appa- 
ratus, wherein said film is used to feed water vapor to cul- 
ture soil disposed inside said apparatus, said water vapor 
being free of said non-volatile substances (such as salts) 
which are harmful to plants. 

[Claim 2] The apparatus according to claim 1, which further 
comprises a water vapor permselective membrane, wherein said 
membrane is attached to said waterproof moisture-permeable 
film, thereby forming an integrated composite material. 

[Detailed Description of the Utility Model] 
"Task of the Utility Model" 

The present utility model is directed to an apparatus 



for cultivating plants. The task of the present utility 
model is to provide a plant cultivating apparatus for use in 
lands and water areas unsuitable for cultivating plants, 
wherein said apparatus is capable of supplying water for cul- 
tivating and growing plants while effectively preventing ad- 
verse effects of harmful moisture present in the land or wa- 
ter area and of harmful gases generated from the harmful 
moisture. Further, the apparatus has a relatively simple 
structure which is easy to produce. 



2 • Page 3, column 5, lines 9 to 16 : 

Further, in the present utility model, if desired, water 
vapor permselective membrane 3 may be attached to the above- 
mentioned waterproof moisture-permeable film 2 to thereby 
form an integrated composite material. Examples of water va- 
por permselective membranes include a silicone membrane, a 
cellulose acetate membrane (a cellulose type membrane) and a 
polyimide membrane. Since these membranes are selectively 
permeable to water vapor, the composite material comprising 
the above-mentioned film 2 allows only water to pass there- 
through, while preventing harmful substances from passing 
therethrough. 



Page 3, column 5, lines 27 to 32 : 



As explained above, when methane gas and other gases 
which are harmful to plants are present in drainage or the 
like, the water vapor permselective membrane is used to pre- 
vent the entry of such harmful components into the culture 
soil disposed inside framework 1. in addition, as shown in 
Fig. 4, gas permeation preventive material 11 is disposed on 
the water surface at portions between plurality of frameworks 
1 to prevent the diffusion of the harmful components from the 
water surface. 

4 . Page 3, column 5, lines 41 to 48 : 

As waterproof moisture -permeable film 2 mentioned above, 
it is preferred to use a polytetraf luoroethylene (PTFE) mem- 
brane which is made porous by subjecting to an expansion 
treatment, wherein the resultant porous film has a porosity 
of from 40 to 95 %, a maximum pore diameter of from 0.1 to 15 
um, and a Gurley number of from 0 . 1 to 100 seconds. The po- 
rous PTFE film exhibits not only excellent chemical resis- 
tance, but also high heat resistance. Therefore, although 
the porous PTFE is in the form of a film, it exhibits advan- 
tageous durability. A preferred plant cultivation container 
capable of sustaining the weight of the culture soil can be 
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obtained by attaching reinforcing material 6 made of 
fibers, metals or the like to both the upper and low* 
faces of the film. 



5 • Page 3, column 6, lines 15 to 26 : 

Surface of culture soil 7 is exposed at portions between 
plants 9. Such surface of culture soil 7 may be covered with 
vinyl sheet 8 in the manner depicted in Fig 2 to thereby pre- 
vent the evaporation of moisture from the culture soil. Fur- 
ther, vinyl sheet 8 will guide water from rainfalls and the 
like to the periphery of plant 9 and feed the water to cul- 
ture soil 7. 

It is apparent that the present utility model can be 
used a preferred means for supplying water needed for plant 
growth. However, it is also apparent that water requirement 
of a plant will increase in accordance with the plant growth 
and increasing plant size. When the water requirement in- 
creases, the present utility model can be used as a means for 
water saving. In this case, it is consequential to use the 
present utility model in combination with the above-mentioned 
conventional methods for supplying water or methods for water 
saving . 
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Table 1 . Permeability Coefficients, Diffusion 
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Coefficients, and Solubility 




Coefficients of Polymers 


VI-545 


1.1. 


Polytelkanes) 


VI-545 


1.2. 


Poly(styrenes) 


VI-547 


1.3. 


Poly(methacrylates) 


VI-548 


1.4. 


Poly(nitriles) 


VI-549 


1.5. 


Poly(vinyls) 


VI-549 


1.6. 


Fluorine Containing Polymer 


sVI-552 


1.7. 
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VI-553 
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VI-555 
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Polytoxides) 


VI-555 
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VI-558 


1.12. 


Poly(amides), Poly(imides) 


VI-559 
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Poly(urethanes) 


Vl-560 
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VI-560 
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Poly(aryl ether ether ketone) 


VI-561 


1.16. 


Cellulose and Derivatives 


VI-561 
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D. References VI-568 

A. INTRODUCTION 

The transmission of molecules through polymer films is 
named "permeability". There are many dimensions and 
units found in the literature for the general expression 
"permeability". In this paper the permeability coefficient is 
used. It has the dimension 

p = (quantity of permeant) x (film thickness) 
(area) x (time) x (pressure drop across the film) 

and is the best definition for permeability. 

The permeability coefficient, in a strict sense, is not 
only a function of the chemical structure of the polymer. It 
also varies with the morphology of the polymer and 
depends on many physical factors such as density, crystal- 
Unity, and orientation. However, the chemical structure of 
a polymer can be considered to be the predominant 
factor which controls the magnitude of the permeability 
coefficient 



VT/S43 



VI / 544 PtRMEABILtTY AND DIFFUSION DATA 



The following general trends in permeability, as related 
to some influencing factors, may be useful for the proper 
interpretation of the tables: 

Density can be regarded as a measure of the free volume 
between the molecules of the polymer structure. In general, 
the higher the density, the lower is the permeability. 

Crystallinity of a semicrystalline polymer reduces the 
permeability significantly compared to the value of the 
corresponding amorphous polymer, i.e., the higher the 
degree of crystallinity, the lower the permeability. The 
crystallinity and the density of a polymer are strongly 
related. The higher the crystallinity the higher is the density 
of a given polymer. 

Molecular mass of a polymer has been found to have 
little effect on the permeability of polymers, except at a 
very low range of molecular masses. 

Orientation of polymer molecules reduces the perme- 
ability. 

Crosslinking decreases the permeability, especially for 
higher degrees of crosslinking and for large molecular size 
permeants. 

The method and degree of vulcanization has a significant 
effect on the permeability of elastomers. 

Plasticizers increase the permeability. 

Humidity increases the permeability of some hydrophilic 
polymers. 

Liquid permeants have the same permeabilities as their 
corresponding saturated vapors, though higher permeabil- 
ities may occur especially if parts of the polymer are being 
dissolved. 

Solution cast films have variable permeabilities 
depending upon the kind of solvent used and the drying 
technique. Poor solvents tend to yield films of higher 
permeability. 

Fillers, usually inorganic fillers, decrease the perme- 
ability; however, the effect is complicated by the type, 
shape, and amount of filler and its interaction with the 
polymer. 

Thickness of film does not, in principle, affect the 
permeability coefficient, the diffusion coefficient, and the 
solubility coefficient. In practice, different values may be 
obtained from films of variable thickness, which in turn 
may be due to differences in drawing, orientation, and 
crystallinity. 

If a permeant does not interact with the polymer under 
investigation, the permeability coefficient is characteristic 
for the permeant-polymer system. This is the case with the 
permeation of many gases, such as H2, He, Nj, 0 2 , and 
CO2, through many polymers. On the other hand, if a 
permeant interacts with the polymer, the permeation 
coefficient is no longer a constant, and may depend on 
the special conditions of the measurement and the history of 
the polymer film. In such cases, a single value of the 
permeability coefficient does not represent the character- 
istic permeability of the polymer, and it is necessary to 
know the dependency of the permeability coefficient on all 
possible variables in order to obtain the complete profile of 
the permeability of the polymer. 



In these cases, the transmission rate, which r 
dimension 



(quantity of permeant) 
(area) x (time) 



is often used for practical purposes. Since the transmission 
rate, Q, includes neither the pressure of the permeant nor 
the thickness of the polymer in its dimension, it is necessary 
to know either the pressure or the concentration of the 
permeant and the thickness of the polymer under the 
conditions of measurement. 

For both P and Q, the quantity of permeant can be 
expressed by mass, moles, or gaseous volume at standard 
temperature and pressure. These can readily be converted 
from one unit into another. 

The preferred SI unit of the permeability coefficient used 
in this book is 



unit of P : 



t 3 (273.15K; 1.013 x 10 5 Pa) x cm 
cm 3 x s x Pa 



where (273.15 K; 1.013 x 10 s Pa) means standi tempera- 
ture and pressure (STP). Therefore permeability coefficients 
given in this paper are in the range of 10 ~" - 
10 -16 cm 3 x cm/cm 2 xsxPa for many polymers and 



The mostly used units and their conversion factors are 
listed in Table B. 

The permeation of molecules through flawless 
polymers occurs by the steps of dissolution of a 
permeant in the polymer and diffusion of the dissolved 
permeant. The product of the diffusion coefficient D and 
the solubility coefficient S is referred to as the permeability 
coefficient. 

P = DxS 
Units of D and S used in these tables are 
cm 2 

unit of D : 

s 

>*(273.15K; 1.013 x 10 s Pa) 



it of S : 



cm 3 x Pa 



The solubility coefficients cited in the following tables are 
often calculated by 



The temperature dependence of the permeability coefficient 
P the diffusion coefficient D, and the solubility coefficient 
S can be represented by 



P = P 0 x exp(-£ ? /RT) 
D = D 0 x exp(-E D /RT) 



rotydHwm) VI/ 545 



and 

S = S 0 x txp(-E s /RT) 

Consequently 

E, = £ D + £j 

where £p is the activation energy of permeation, £ D the 
activation energy of diffusion, and £ s the heat of solution. 
P 0 , D 0 , and S 0 are the pre -exponential factors. Values of 
Ef, E D , and E s are given in kJ/mol in the following tables. 
R is the gas constant (8.3144 x 10- 3 kJ/Kmol); T is the 
temperature in K. In the following tables the temperature 
range is given in which P 0 , £ P , £ D , and E s are relevant, as 



far as the authors have reported it. The permeability 
coefficient can be determined for a given temperature by 
means of the pre-exponential factor P 0 and the activation 
energy of permeation £ P . In the following tables, perme- 
ability, diffusion, and solubility coefficients are listed for 
many polymers. The pre-exponential factor Pq, the 
activation energy of permeation £ P , the activation energy 
of diffusion £ D , and the heat of solution £ s are also given. 
The pre-exponential factors D 0 and S 0 can be determined 
by the following equations: 

Z>o = Ox exp(£ D //fr) 
S 0 = Sx exp(E s /RT) 



B. CONVERSION FACTORS FOR VARIOUS UNITS OF THE PERMEABILITY COEFFICIENT 



From 




[Li 


)H 


MM 






MN 


KHd.yjj.tni] 


(cm 5 ][cm] 
WWIcmHg] 


1 


7.5 x 


to-' 


6.57 x 10 10 


WWN Hg] 


10 - 1 


7.5 x 


io- ! 


6.57 x 10' 




1.32 x 10 " J 


9.87 x 


io- 6 


8.64 x 10» 


(em'Umilj 
M[d«y][atn,] 


3.87 x 10-' 4 


2.90 x 


10-" 


2.54 x 10" 3 


[in 3 )Ml 
[100in J ]Iday][»tmj 


9,82 x 10-" 


7.37 x 


IO" 15 


6.45 x 10"' 


[em 3 )[cml 
M[d«y][aun| 


1.52 x 10-" 


1.14 x 


io~ 14 




|cm 3 ][cm] 

[<" 2 ][d»yJM 


1.54 x 10-" 


1.16 x 


io- 14 


.1.01 




1.33 x 10 3 


1 




8.75 x 10 13 



TABLE 1. PERMEABILITY COEFFICIENTS, DIFFUSION COEFFICIENTS, AND SOLUBILITY COEFFICIENTS 
OF POLYMERS 



l»(xl#°) fl(xl»«) S(xl««) mfc 



II- POLY(ALKANES) 



*imiy 0.914 |/cm J . LDPE 



0.0544 3-60 



0372 2J4 3-60 62.0 
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0,00075 
0.0134 



67-95 

20-«7 
67 -95 
20-67 



25-70 
2J-M 



0 00188 
0.00339 
0.00145 



16.9 - 1.3 

a* 6.7 

23.2 -6.3 
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TABLE 2. PERMEABILTY COEFFICIENTS OF SIX DIFFERENT FLUORINATED HYDROCARBONS 
THROUGH POLYMERS" 



Polypropylene) 
Pory(vinyl chloride) 

(Genotherm UG), 
Polyvinyl chloride) 

(Gntugeiu T52), 



[Polyethylene te 



PoIyOmino- l-oxohex»raethyler>e) 

(Supronyl S) 
Poly(lmino- 1 -oxoheximethylene) 

(Supronyl N), pUsticized 



CFdj 


CFjClj 


CF3CI 


CHFQ : 


CHFiO 


CFjCl-CFjC! 


Ni 


<24J°C) 


(wo 


(20° C) 


(WC) 


(2TC) 


(arc) 


arc) 


37.3 


152 


2,03 


1.88 


0.795 


0.212 


0.914 


9.75 


30 


0.673 


0.374 


0.106 


0.0683 


0.219 


3.38 


4.33 


0.326 


0.161 


0.0266 


0.0336 


0.133 


4.88 


137 


0.132 


0.00338 


0.0018 


O.O0728 


0.151 


0.697 


0.00668 


0.00585 


0.0016 


0.0016 


0.00503 


0.0247 


656 


63.8 


1.88 


0.359 


0.185 


0.054 


0.0649 


0.00188 


0.00135 


0.0016 


0.00135 


0.00165 


0.0039 


0.00343 


0.0315 


0.0329 


0.0111 


O.0O623 


0.00803 


0.00923 


0.0075 


52.5 


3.6 


0.254 


0.00473 


0.00143 


0.00225 


0.0133 
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l Attachment 3! 

Permeability of 
Polymeric Films to Gases 



by V. L. SIMRILtt AND A. 



The penneaMlWes of a polymeric fihns to oxv, e n Wdm fM1 ^ 



AH of the gas permeability data 
reported here was obtained with a 
standard General Foods gas-trans- 



THE selective permeability of 
I polymeric films to certain gases 
is becoming commercially impor- 
tant Recently, several investi- 
gators, (1-6)' using several expert- 
mental techniques, have reported 
permeability data for a number of 
film-gas combinations. The investi- 
gations reported here were under- 
taken to obtain quantitative data 
on rates of gas transmission through 
a number of thin polymeric films 
and to interpret the date in terms 
of film and gas molecular structure 
and the effect of water and plasti- 
cizer content of the films. 
Praiantipn sf Flint 

Twenty-one polymeric films were 
investigated in this study. They are 
listed with their compositions and 
preparations in Table I. In general, 
they were prepared by the same 
procedures as were given in the 
first (7) of these two articles. 



n this study were 



The gases used h 
purchased in comu t , wi . KVliJ ., 
from a commercial source (8) w 
were used without further purifica- 
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tion. The purities quoted by the 

manufacturer in terms of per- 
centage ware as follows: 
Anhydrous ammonia 

(NH.) goo 

Carbon dioxide (CO.) 99.0 

Hydrogen (H») 99.8 

Hydrogen sulphide (ItS) 99.9 

Nitrogen (N.) 99.9 

Oxygen (O.) 99.fi 

Sulfur dioxide (SO,) 99.7 

1 — Gm transmission units used to 
obtain permeability data. Standard 
model at left; modified at right 



fied instrument constructed to our 
specifications. These two instru- 
ments are pictured in Fig. 1, the 
standard model being on the read- 
er's left. Schuman (4) and Elder (5) 
describe the standard model and 
the method of making gas transmis- 
sion measurements with it in detail. 
The modified model (schematically 
illustrated in Fig. 2) operates on 
the same principle as the standard, 
but provides higher sensitivity over 
a greater range of permeability 
rates through the use of an inclined 
manometer and a larger reservoir 
space on the film's vacuum side. 

T he major portion of the date was 
9>tairiedat 24_to_25^ O. The testing m 
temperature was not permitted to 1 





2— Sketch of m 
Filter paper; B) got entrance and 
«lt ports; C> rubber gasket; D) gas 
chamber; E) block; F) film; G) film 
•upport; H) sealing disk; J) clamp- 
ing ring; and R) mercury rewrvoir 



vary more than ± 0.5" C. from the 
mean for any particular test. The 
pressure of the gas above the film 
was determined by the atmospheric 
pressure and did not vary more than 
± 1 mm. (Hg) during any test The 
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film being tested was protected from 
moisture by drying towers in both 
the incoming and outgoing gas 
lines except when the influence of 
water in the gas was being deter- 
mined. In such cases, the incoming 
gas was conditioned to the desired 
humidity by passing through bubble 
bottles containing saturated salt so- 
lutions. The observed exit pressure 
of the gas was then corrected for the 
Partial pressure of the water vapor 
and for the pressure drop in the 
exit gas line. 



All gas permeability data ob- 
tained in this study are reported 
here in terms of the permeability 
constant P* which is denned as the 
number of moles of gas passing 
through one sq. cm. of film, one cm. 
thick, per sec. per cm. (Hg) vapor- 
pressure difference across the film 
Vapor pressure changes on " the 
vacuum side of the film were re- 
corded until P» reached a constant 
value. The vapor-pressure differ- 
ences across the films at the time 
at which P* became constant varied 



Table t-Film Composition and Preparati 



Regenerated cellulose; i_ a 

Regenerated cellulose; 12% 'ethylene gly- 
col plastieizer 



between a minimum of 67 cm. (Hg) 
and a maximum of 74 cm. (Hg) for 
the different film-gas combinations. 
Check determinations were made 
on each combination using a fresh 
sample of film each time. Values of 
P* for check determinations vary- 
ing more than 10% were not In- 
cluded in tiie calculations. 
ExpwiBWittl RtSBifs 

All of the gas transmission data 
obtained in this study are reported 
as permeabi lity constants in Tables 
H through VUL p* may be con- 
verted to practical units such as 
cc/sqin./hr., if desired, for any 
Particular gas at any pressure dif- 
ferential across a film of established 



1 cellulose; 14% glycerol pUa- 
Regenerated cellulose; 22% glycerol plas- 



The mechanisms by which gases 
may pass through films are thought 
to be the same as those by which 
vapors penetrate films. Briefly, ac- 
cording to the generally accepted 
picture, the gas may penetrate ex- 
isting holes in the polymer struc- 
ture or holes which are opened 



Regenerated cellulose; i 



-„ d cellulose; 18% glycerol plasti- 

ouer; coated bom sides with 3 gm/«q. 



Regenerated cellulose; 22% glycerol plas- 
ticiter; coated both sides with 6 gm./Ta. 



weight ratio) copolymer 

Vinyl buW/vinyl alcohol (89/11 mole 
ratio) copolymer 

Vinyl chloride/diethyl fumarate (95/5 
weight ratio) copolymer 

(40/30/30 - 



XH Nylon; 66/610/6 
weight ratio) 

Xm Rubber hydrochloride 

XIV Vmylidene fluoride polymer 

XV Vinyl alcohol polymer; no plastieizer 
XVT Vinylidene chloride/vinyl chloride (85/15 
^ m weight ratio) copolymer 

XVH Polythene (ethylene polymer) 
XVm Chlorinated polythene (83% chlorine by 
weight) 

XK Chlorinated polythene (36.7% chlorine by 
weight) 

C wS? ed poIythene (4M * Morine fcy 

300 <-** % Prized 

with 15% of butyl phthalyl butyl glyco- 



Cast from toluene/aopro- 
Panol solution 



Cast from toluene/methyl 
ethyl ketone solution 



Cast from isopropanol/ 



Table O-Penneabnity of Cellulose 
Film I 








ZKpote 








Mot. 






Gas 


Temp. 


wt. 




P*xl0" 




•a 




Debye 












Hs 


243 


2 


0 . 


2.81 


NH, 
N, 


253 


17 


1.49 


7.04 


25X1 


28 


0 


1.43 


a 


24.6 

273 


32 


. o • 


035 


H»S 
CO, 


34 


035 


031 


243 


44 


0 


2.10 


so. 


28J. 


64 


131 


0.77 



Cast from chlorinated hy- 
drocarbon solution 
Cast from dimethyl forma- 



Cast from water solution 



Cast from xylene solution 
Cast from xylene solution 

Cast from xylene solution 

Cast from xylene solution 

Cast from toluene/ethanol 



momentarily by thermal action, or 
the gas may dissolve in the film at 
one surface and evaporate from the 
film at the opposite surface. Inas- 
much as gases are generally less 
soluble in films at room temperature 
than are vapors, transport by solu- 
tion should not be such an impor- 
tant factor as it is for vapors. 

The work reported here was con- 
cerned with correlating the struc- . 
tures of gases and of various 
polymer films with permeability 
rates. The data may conveniently 
be considered under two headings: 
regenerated cellulose films and other 




- Formula for Success 



THERE 15 ALWAYS ONE RIGHT FORMULA for success- 
and it is always a special formula. That truth holds for 
a business, a product and a liquid phenolic resin. That 
is why Makblette provides a special formulation for 
the special production and marketing circumstances you 
face. Your inquiry is always an assignment to us and to 
our Engineering Staff to create the right phenolic resin 
best suited to your special needs. 

MARBLETTE'S LIQUID PHENOLIC RESINS are thermo- 
setting plastics which can be set either by heat or at room 
temperature; they are weather-proof, solvent-proof; 
fungi-proof; resistant to abrasion, heat and temperature. 
LET MARBLETTE'S 20 YEARS EXPERIENCE HELP YOU 
in solving your liquid phenolic resin needs— in drums 
or tank car quantities. 

OUR PLANT AND OFFICES are strategically located to 
serve you promptly anywhere in the United States. 
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Resins for foundry 
Heat aai acid resistant resins 
Wood coating 
Bonding resins 

low pressure laminating resins 



Insulating varnish 



or patterns 

MeHl cMtfug 
Bristle setting cessst 
Latiaating wiis* 
Plastic cwents 
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polymeric films. Such an arbitrary 
separation does not imply that both 
types of film do not obey ' similar 
laws of permeation, but is made be- 
cause a greater variety of modify- 
ing factors was introduced into the 
investigation conducted on cellulose 
film permeability. 

CtllHloM Flint 

Effect of Gas Structure on Per- 
meability— The permeability of re- 
generated cellulose film containing 
no plasticizer (see Film I in Table 
I) to seven dry gases is summarized 
in Table 1L 

The permeability of dry cello- 
phane to gases is of the order of 
10,000 times less than it is to vapors 
(see the preceding article of this 
series). This indicates that the cel- 
lophane structure is relatively com- 
pact and free of holes. There is a 
rough inverse correlation between 
the size of the gas molecules and 
their permeation rates. Remember- 
ing that polar cellulose should more 
readily dissolve polar molecules 
than non-polar molecules, the en- 
hanced permeability of cellophane 
to ammonia and sulfur dioxide be- 
comes understandable. On the basis 
of molecular size and polarity, the 
transmission rate of carbon dioxide 
appears to be too high. The incor- 
poration of water in cellulose great- 
ly increases carbon dioxide trans- 
mission- (as shown in Table IV) and 



Table HI— Gas Permeability of Struc- 
turally Dissimilar Cellophanes at 0% 
Relative Hu midity 

Film Wo. and type P* x 10" 

O, CO, 

I Regenerated cellulose 0.88 2 JO 

VI Deacetylated cellulose 402 454 

acetate sheet 

VTI Heat-coagulated vis- 5.46 

cose cellulose 



it is possible that a very small 
amount of water, inadvertently al- 
lowed to remain in the cellophane, 
is responsible for the high P* val- 
ue. In this event, P* for carbon di- 
oxide must be considered correct 
only as to order of magnitude. It 
is practically impossible to secure 
completely dry cellulose. 

Effect of Film. Structure on Per- 
meability—X-ray diffraction, water 
absorption, and physical property 



data (9) indicate that the physical 
structure of a cellulose sheet may 
be modified by the technique used 
in preparing it An attempt was 
made to determine whether or not 
these structural changes would be 
reflected in gas transmission rates. 
The data of Table m indicate that 
three different cellulose films, nor- 
mally thought to be quite different 
structurally, all exhibit gas trans- 
mission rates of the same order of 
magnitude. 

Even the differences in P* ex- 
hibited by these films may be due to 
mechanical flaws in the film. The 
best obtainable samples of the ex- 
perimental deacetylated cellulose 
acetate and heat-coagulated films 
contained some thin spots and 
bubbles. However, the greater per- 
meability of the experimental films 
compared to the machine- cast cello- 
phane, is in . line with the less 
ordered structure assigned to them 
from water absorption and x-ray 
diffraction data. 

Effect of the Presence of Water 
Vapor on Permeability — Cellulose 
- films sorb water from gases con- 
taining water vapor. This phe- 
nomenon might be expected to af- 
fect the rate of transmission of a 
gas through a cellophane film in two 
ways. Thus, absorbed or adsorbed 
water might act as active centers 
for gas adsorption and increase gas 
permeation by a process of solution 
and evaporation. Also, the physical 
structure of cellulose is changed by 
sorbed water. Some of the active 
hydroxyl groups which, when wa- 
ter-free, would aid transmission of 
gases might be covered or blocked 
by the water and thus decrease gas 
transmission. On the other hand, the 
process of sorbing water causes the 
cellulose structure to expand and 
weakens the intermolecular forces 
to such an extent that the number 
of existing and potential holes avail- 
able for gas transmission is in- 
creased It might be expected that 
the permeability of cellulosic films 
to most gases would be increased 
by increasing the water content of 
the film. The data of Table IV sub- 
stantiate this expectation. 

The data in Table IV show clear- 
ly that the increase of permeability 
of a wet film over a dry film is 
closely related to the solubility of 
the permeant gas in water. It is 
obviously necessary to know the 



relative humidity of a gas and its 
solubility in water before calculat- 
ing its rate of permeation through 
a cellulose film. 

Effect of Plasticizers on Permea- 
bility— It was demonstrated in the 
preceding article of this series that 
plasticizers may either increase or 
decrease the vapor permeability of 
a film. It was postulated that an 
increase was brought about by the 
spreading effect of the plasticizer 
on the polymer phairif; and, in some 
cases, by the solution, of the vapor 
in the plasticizer. Ob the other hand, 



Table IV.— Gas Permeability of Wet 
Regenerated Cellulose Film I at 
M.5' C. 



P* x W at various 
Gas S* relative humidities 

0% 43% 79% 100% 

H> 0.018 2.81 714 1450 35.60 

O, 0.028 055 319 356 548 

N, 0.014 1.43 3.02 353 8.20 

CO, 0.770 2JL0 530 3210 11430 

NHi 632.000 7.04 79,000.00 

SO, 33.400 0.77 16500.00 

liS 2510 051 253.00 




a decrease was assumed to be caused 
by the blocking effect of the plas- 
ticizer in filling holes and adsorb- 
ing on active polymer groups which 
otherwise would be available for 
vapor solution. It would be reason- 
able to assume that plasticizers 
would have the same effects on gas 
transmission. The data of Table V 
indicate that plasticized regener- 
ated cellulose is always more per- 
meable to gases than unplasticized 
cellulose film, indicating that any 
blocking effect present is less im- 
portant than chain spreading and/or 
gas solution due to plasticizer. 

Measured by the extent to which 
they increase permeability, ethyl- 
ene glycol and glycerol are rough- 
ly equivalent. The data taken at 
100% relative humidity indicate 
that plasticized regenerated cellulose 
sorbs water more advantageously, 
from the standpoint of providing a 
diffusion path for gases, than does 
unplasticized regenerated cellulose. 
In normal practice, one is always 
concerned with a' more or less moist 
gas and a plasticized film. For this 
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Mod.rn Plasties 



IN PLASTICS COATING 



INSIDE the chamber are racks of 
plastic: items being coated with a 
brilliant metallic surface. The applica- 
tion is vacuum coating. Special lac- 
quers under and over the metallic film 
insure permanence and gloss. 

The equipment is DPi-made. The 
lacquers are selected with DPi assist- 
ance. DPi technical advice made the 
entire projccr possible. 



The stainless steel bell jar— 38 inches 
in diameter and 42 inches high, shown 
above in DPi's LC 1-36 Vacuum Coaring 
Unit— is ideal for batch coating. Several 
manufacturers are using this unit for 
coating small plastic novelties for the 
dime store trade. It has proved its prac- 
tical economy in this field where there 
is a very small margin per unit of sale. 

New applications for vacuum coat- 



ing ate being developed almost daily. 
It is already a regular, standard pro- 
duction tool, lowering costs for many 
manufacturers. 

Write for your free copy of the DPi 
booklet, "Vaporized Metal Coatings 
by High Vacuum." It gives full data 
for our entire line of coating units, 
ranging from a simple 10-inch bell jar 
to a 16-station turntable unit. 



VACUUM EQUIPMENT DEPARTMENT 

DISTILLATION PRODUCTS cncUat^ 

DivhkH, of Eastman Kodak Company 
779 RIDCI ROAD WIST, ROCHISTH 3, N. T. 

Distillers of Oil-Soluble Vitamins and Other Concentrates for 
Science and Industry; Manufacturers of High Vacuum Equipment 
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-j? Table V.— Gas Permeahmty of Phstktod 1 



film Plajftciier Rela«oe 
% of dry humid- 
Type 









% 


H, 


o. 




CO, so. 




I 




0 


251 


055 


1.43 


2.10 0.77 


051 


I 

IV 






100 


35.60 


508 


850 


11450 


253.00 


Glycerol 


14 


" 0- 


3.63 


122 


253 


352 


V 


Glycerol 




0 


650 


451 


3.45 


458 33.6 


1.00 


V 


Glycerol 


22 


100 




54650 




75450 
8.43 




n 


Ethylene 


12 


0 


3.04 


251 


1.76 






glycol 














m 


Ethylene 


17 


0 


554 




3.03 


351 






glycol 















reason, it is imperative to know the 
plasticizer content of the film and 
the moisture contents of film and 
gas in solving any gas permeability 
problem. 

Effect of Coatings on Regenerated 
Cellulose Permeability— The gas 
permeability of dry, plasticized, un- 
seated regenerated cellulose is less 
than that of most of the other film- 
forming polymers studied (see 
Tables V and VII). As a conse- 
quence, it would be reasonable to 
expect that the cellulose portion of 
polymer-coated cellophane sheets 
would be the permeability rate con- 
trolling portion. This would be par- 
ticularly true of films coated with 
nitrocellulose-based coating. Cellu- 
lose derivatives are generally more 
permeable to gas and vapors than 
cellulose. The incorporation of wax, 
plasticizer, and resins in the coat- 
ing further increases permeability, 
probably by disrupting any ordered 
existence the nitrocellulose mole- 
cules may have enjoyed otherwise. 
On the other hand, vinylidene chlor- 
ide copolymers are almost as gas 
impermeable as dry regenerated 
cellulose, but, as thtn coatings, they 
could not be expected to increase 
the over-all impermeability of the 
regenerated cellulose film to any 
appreciable extent. 

The above discussion considers 
only dry gases. Inasmuch as water 
vapor penetrates all so-called 
moistureproof" coatings at a meas- 
urable rate, sooner or later equi- 
librium between the water vapor in 
the diffusing gas and the cellulose 
base sheet will be attained. When 
equilibrium is reached, the gas 
transmission rate will be much 
higher unless a relatively gas-im- 
permeable coating has been used. 



The data of Table VI are in line 
with expectations. Wet, plasticized 
regenerated cellulose film V is high- 
ly permeable to carbon dioxide and 
oxygen. The nitrocellulose-based 
coating of film VIII decreases this 
permeability somewhat, but the 
effect of the water is still, large. The 
permeability of the vinylidene 
chloride/acrylonitrile-coated film IX 
to wet gases is relatively quite small 
indicating that the coating (which 
is not much affected by water) has 
become the real obstacle confronting 



Noi-Cillaloslo Film 

The permeabilities of 12 non-cel- 
lulosic films to dry oxygen and 
carbon dioxide and to moist carbon 
dioxide were determined. The data 
are summarized in Table VII to- 
gether with some data on hydrogen, 
nitrogen; and information on hydro- 
gen sulfide. 

The data of Table VII represent 
a spectrum of permeability ranging 
from unplasticized regenerated cel- 
lulose, polyvinyl alcohol, and vinyl- 
idene chloride/vinyl chloride on the 



low side to polythene, vinyl butyral/ 
vinyl alcohol copolymer, and plas- 
ticized ethyl cellulose on the high 
side. The variation in permeability 
appears to be connected to varia- 
tions in the structure and properties 
of the polymers' and gases. Ap- 
parently, for gas permeability, the 
intermolecular attractive forces of 
the polymer film are quite impor- 
tant If these forces are strong, the 
polymer chains should be held 
tightly together and it will be diffi- 
cult for holes to form through which 
gas molecules may pass. This hy- 
pothesis implies that the gas mole- 
cules will have little effect on the 
interchain bonds of the polymer. As 
an illustration, it is interesting to 
observe that dry polyvinyl alcohol, 
whose interchain forces are strong, 
exhibits low permeability both to 
the polar hydrogen sulfide molecule 
and the non-polar hydrogen and 
oxygen molecules. On the other 
hand, polythene can be held to- 
gether only by weak van der Waal's 
forces, and it is highly permeable 
to both polar and non-polar gases. 
The presence of side chains on the 
main chains or of plasticizer mole- 
cules between polymer - chains 
would be expected to ■ decrease 
polymer intermolecular forces or to 
increase the number of paths avail- 
able to gases in some fashion. Evi- 
dence that this does happen is avail- 
able in the relatively high permea- 
bility of such films. 

A comparison of the gas and 
vapor permeability of a few typical 
films provides a clue to the im- 
portance to permeability 6f the in- 
teraction (adsorption and inter- 
molecular bond breaking) of 
polymer and diffusing molecule. 

In the . examples listed in Table 



Table VL— Permeability of Coated Regenerated 


Cellulose Films 


Relative 




Film No. and type. humidity 





Vm Regenerated cellulose with 18% 



O, CO, SO, 
451 458 1.00 
546.00 754.00 ....... 



proof coating 
Regenerated cellulose with 22% 
glycerol plasticizer coated with 
vinylidene chloride/acrylonitrile 
(90/10) c • 
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Table Vn.- 


-Permeability of Plastic FQ 


ms to Gases 


Ftlm No. and CompotitU 


Relative 
■m humidity 


P* x IV 



Regenerated cellulose; n 



XI 



Regenerated cellulose; 
22% glycerol plasticizer 

Vinyl butyral/vinyl al- 
cohol (89/11 mole ra- 
tio copolymer 

Vinyl chloride/diethyl 
fumarate (95/5 weight 
ratio) copolymer 

Nylon; 66/610/6 poly- 
amide (40/30/30 
weight ratio) 

Rubber hydrochloride 



H, O, N, CO, H.S 

251 0.95 1.43 200 051 

35.60 508 850 114.00 25350 

6.60 451 3.45 498 100 

— 546.00 — 754.00 

25050 464.00 2280.00 2670X10 

- 1720.00 2940.00 



0 1040.00 50.60 
100 51.40 

0 1450 



169.00 



Vinyl alcohol polymer; 



Vmylidene chloride/ 
vinyl chloride (85/15 



by 
polythene 



100 „.... ..... 202.00 

0 18450 1AM ...... 16050 Z." 

MO — . 162 JO 

0 4.00 356 ..... 550 310 

100 — — 38.700.00 

0 ..... 596 559 

100 _.. 10.60 

0 2210.00 708.00 225 2740.00 6620.00 

43 1980.00 68550 167 2580.00 775050 

100 839.00 382050 

0 7750 27650 

100 434.00 

0 75.90 22850 



Chlorinated polythene 
(405% chlorine by 



Ethyl cellulose (485% 
emoxyl) plasticized 
with 15% of butyl 
phthalyl butyl glycokte 



Vm, the films are 1000 to 100,000 
times as permeable to the vapors 
(benzene and ■ ethanol) as to the 
gases (CO. and ILS). Inasmuch as 
the vapor molecules are at least as 
large as the gas molecules, the gas 
permeability should be a reasonable 
measure of the maximum hole con- 



tent available for either vapor or 
gas transmission. Therefore, almost 
all of the vapor permeability must 
result from the action of the vapor 
on the polymer. That this action 
should involve polymer intermole- 
cular bond breaking and vapor so- 
lution seems quite reasonable. It is 



Versus Vapor I 



Film No. and type 



k W (at 25* C. for 
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diethyl fumarate 




CO. 


0517 


I Regenerated cellulo 


se; no 


Ethanol 


353 


plasticizer 




as. 


050005 



also quite significant that those 
gases which are most easily con- 
densed (&S and CO.) behave more 
nearly like vapors, with respect to 
permeation, than do the difficultly 
condensable gases, namely: Oj, 
and N 2 . 

It will be remembered that in the 
case of regenerated cellulose the 
addition of plasticizer or water ap- ■ 
peared always to . increase gas per- 
meability. That water may have the 
same effect in non-cellulosic film» 
may be seen from the data of Table 
VH. However, in the cases of some 
highly permeable films, water ap- 
pears to block gas diffusion. Poly- 
thene, which absorbs jnnall quanti- 
ties of water at high relative 
humidities, becomes less permeable 
as some water is added and then 
more permeable as it becomes sat- 
urated. Vinyl butyral/vinyl alcohol 
copolymer when saturated with wa- 
ter is less permeable to carbon di- 
oxide but more permeable to hy- 
drogen sulfide than when dry. Per- 
haps in the case of carbon dioxide 
the blocking effect outweighs the 
moderate attraction of water for 
carbon dioxide, and in the case of 
hydrogen sulfide the higher attrac- 
tion overcomes the blocking effect 
Aekaewltdf went 

The authors gratefully acknow- 
ledge the assistance of Miss Claire 
Kaiser who made the majority of 
the permeability measurements, re- 
ported here. 
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Stop ii 



counter in a depart- 
mcui siure. A package catches your eye, a 
package you fabricated from Kodapak 
Sheet. No wonder, you say, Kodapak 
Sheet is performing sales miracles . . . 
helping to cut costs . . . helping t 
turnover. Here's why ... 

1 It's transparent — optically clear. 
Customers see colors, details— decide quickly. 

2 It has great brilliance. 

Shows merchandise at its best. Speeds sales. 

3 It's tough, durable. 

Withstands handling. Minimizes ahopwear. 

4 It's stable. 

Does not discolor or lose clarity. 

5 It's rigid, keeps its shape. 
Relatively unaffected by humidity. 

6 It's chemically inert. 

Won't 6tain or discolor merchandise. 

7 It's light as a feather. 

Cuts package weight. 



udforr 



urface defects and blemishes. 



10 It's available in two basic forms— 
a sheet to fit every job: 
. Kodapak I Sheet, cellulose acetate, 
gauges up to 0.060'; Kodapak II Sheet, 
cellulose acetate butyrate, gauges 
up to 0.002'. Both forms are made to 
the same high standards as Kodak 
photographic film base. 

For further information, consult 
your nearest representative, or write 
Kodak; and a visit to the Kodapak 
Demonstration Laboratory in Roch- 
ester will prove helpful. 
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Attachment 4 



pyridine-N-oxide (EVPN) were prepared from the corresponding hydroxyethyl pyridines, and 
characterized. These N-oxidea were polymerized with 2, 2'-azo-bi 8 -i S obutyromtrile. The 
monomer reactivity ratios of the following systems were determined: StfVTN (^=011*001 ■ 
r,=2.1±0.6), MMA/VPN (r i =0.13±0.03 ; r,=3.9±0.8), St/EVPN (r,=0.10±0.01 ; r,=2.6±0 3)' 
and MMA/EVPN (r l =0.12±0.02 ; r,=4.7±0.6). Moreover the reactivity difference between 
vinylpyridme and vinylpyridine-N-oxide in copolymerization was discussed. 

*) This paper is based on portions of the theses submitted by T. S. (1960) and K. S. (1961) in partial 
fulfilment of the requirments for the B. S. degree in Tokyo College of Science. 
**) This is the 4th in a series of papers concerned with the copolymerization of vinylpyridines. For 
the latest paper of this series, see T. Tamikado, Makromoleaulare Chem., 38 (1960) 85 

IDie makromolelculare Chemie, SO, 244-252 (1961)1 
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(Eingegangen am 12. Oktober 1961) 
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Fig. 1 Permeability coefficient of ceUulose 
acetate to carbondioxide as a function of 
relative humidities, 20°C 
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O: dimethyl glycophthaUte, 
• : methylphthalyl-ethyWglycolatc 
Fig. 2 Effect of plasticizers on the permeability 
coefficient of cellulose acetate to carbondi- 
oxide, 20°C 
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Fig. 3 Diffusion coefficient of ceUulose acetate 
to carbondioxide as a function of relative 
humidities, 20°C 
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Fig. 4 Permeability coefficient of Pdg*V*"» 
to vapor (40°C) and carbondioxide M as a 
function of relative humidities 
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Fig. 5 Permeability coefficient of polyvinyl- 

licohol to carbondioxide as a funct.on of 
relative humidities, 15°C 
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Fig. « Permeability coefficient of P»^, 
Lohol to nitrogen as a function of relate 
humidities, 14°C 
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Fig. 8 1/0 and permeability coefficient of poly- 
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Fig. 9 Permeability coefficient of polyvinyl- 
alcohol and cellulose acetate to water vapor 
as a function of relave humidities 
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Permeability of Gases and Vapors through High-polymer-films. 
XIV. The Permeability of Gases through the Moistened 
High-polymer-films 
By Yukio Ito* 



The permeability of gases through n 



various relative humidities. In the case of polyvinylalcohol the permeability © 
increases remarkably with the water content of films. Such increase of P may be attributed 
to increase of diffusion coefficient due to activation of the segmental motions. On the' 
contrary, for cellulose derivatives and polyethylene, both P and D initially decrease and then 
increase, passing through a minimum, with the increase of the relative humidity. The initial 
reductions of P and D may be ascribed to the tortuous diffusion of the molecules of suck 
gases due to the disterbance by water molecules absorbed in the films. 
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